Pollination by flower chafer beetles in Eulophia ensata and Eulophia welwitschii (Orchidaceae)  by Peter, C.I. & Johnson, S.D.
Available online at www.sciencedirect.com
South African Journal of Botany 75 (2009) 762–770
www.elsevier.com/locate/sajbPollination by flower chafer beetles in Eulophia ensata and
Eulophia welwitschii (Orchidaceae)
C.I. Peter a,b,⁎, S.D. Johnson a
a School of Biological and Conservation Sciences, University of KwaZulu-Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
b Department of Botany, Rhodes University, PO Box 94, Grahamstown 6140, South Africa
Received 6 April 2009; received in revised form 9 July 2009; accepted 14 July 2009Abstract
Little is known about the pollination biology of the large (c. 230 species) African orchid genus, Eulophia. Here we report the discovery of
pollination by flower chafer beetles (Cetoniinae; Scarabaeidae) in two color forms of E. ensata and in E. welwitschii. Both species have
congested, capitate inflorescences, traits that are generally associated with pollination by flower chafer beetles in Eulophia and other plant genera.
Pollinarium reconfiguration, including pollinarium bending and anther cap retention, in these beetle-pollinated species is slow. Such slow
reconfiguration is predicted by Darwin's hypothesis to be a mechanism that limits geitonogamous self-pollination by slow moving beetles. A
breeding system experiment conducted on E. welwitschii showed that this species, like most others in the genus, is self-compatible, but is
dependent on pollinators for fruit set. As all Eulophia species are non-rewarding, the basis of attraction of beetles to flowers of the study species
seems to be the generalized resemblance of their inflorescence in terms of flower arrangement and color to the capitula of sympatric rewarding
Asteraceae that are utilized as food or rendezvous sites (or both) by flower chafer beetles.
© 2009 SAAB. Published by Elsevier B.V. All rights reserved.Keywords: Beetle pollination; Cetoniidae; Eulophia; Floral mimicry; Orchidaceae; Pollinarium reconfiguration; South Africa1. Introduction
Until relatively recently, beetle pollination in the Angiosperms
has been largely overlooked (Faegri and Van der Pijl, 1979),
although Bernhardt's (2000) review of beetle pollination in
Angiosperms lists 180 species in 34 families which are
specialized for beetle pollination and 98 species in 22 families
where beetles contribute to generalist pollination systems. Faegri
and Van der Pijl (1979) suggested that the notion that beetle
pollination is scarce may be a product of the focus, until recently,
on European pollination systems where beetles are less important
pollinators. There is increasing evidence that beetles are important
pollinators in southern Africa (e.g. Goldblatt et al., 1998; Steiner,⁎ Corresponding author. Department of Botany, Rhodes University, PO Box
94, Grahamstown 6140, South Africa.
E-mail address: c.peter@ru.ac.za (C.I. Peter).
0254-6299/$ - see front matter © 2009 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2009.07.0081998; Goldblatt et al., 2000; Goldblatt et al., 2001; Johnson and
Midgley, 2001; Goldblatt et al., 2004; Johnson et al., 2004;
Goldblatt et al., 2005; Peter and Johnson, 2006a; Johnson et al.,
2007).
Beetles seek out flowers for three forms of reward: edible
rewards including nectar, pollen, stigmatic exudates and flower
parts; as rendezvous sites for mating purposes; or a thermal
reward with the temperature of the flower being elevated above
ambient (Bernhardt, 2000). Beetle-pollinated flowers are rarely
deceptive, and deception has only been demonstrated in a few
orchid species (e.g. Steiner, 1998; Peter and Johnson, 2006a)
and Orchidantha inouei (Lowiaceae; Sakai and Inoue, 1999).
Of the beetle-pollinated orchid species included in Van der
Cingel (1995, 2001) and subsequent studies considered by Peter
(2009), seven are deceptive and eight rewarding.
Flowers or inflorescences specialised for pollination by
beetles are typically large, open and “unspecialised” (Faegri and
Van der Pijl, 1979) forming one of four flower types: chamber
blossoms, painted bowls, brush flowers, and bilabiate flowers,
the latter being limited to the few orchid species pollinated byts reserved.
Table 1
Estimated time spent observing the study species and study sites for each
species.
Taxon Observation
times
Study Sites
E. ensata
yellow form
20 h Kloof Country Club (29° 48′ 15″S 30° 49′ 44″E)
Thornville (29° 43′ 10″S 30° 29′ 11″E)
Vernon Crookes (30° 15′ 56″S 30° 36′ 05″E)
E. ensata
cream form
10 h Manzengwenya (27° 17′ 45″S 32° 42′ 39″E)
Lake Sibaya (27° 25′ 20″S 32° 41′ 40″E)
E. welwitschii 19 h Farm “The Duffryn” (Patensie, 29° 41′ 24″S 29°
35′ 45″E)
Balgowan (29° 24′ 25″S 30° 04′ 43″E)
Pretoria (25° 44' 36"S 28° 16' 32"E)
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among beetle-pollinated flowers include sweet and pleasant,
strong fermenting fruit, as well as decaying animal and dung
scents. Flowers may also be unscented to the human nose
(Johnson and Midgley, 2001). Similarly, the colors of
specialised beetle-pollinated flowers run the gamut from dull
white and greens though dark browns and purples to bright
yellows, blues and even reds (Faegri and Van der Pijl, 1979;
Proctor et al., 1996).
Only a handful of orchid species have been shown to be
pollinated by beetles, making up just 1.6% of the species
with known pollination systems listed by Van der Cingel
(1995, 2001) and subsequent studies (Peter, 2009). In
addition to these 14 documented cases (which include the
cases of beetle pollination in Eulophia described here),
beetles are implicated in a further 10 instances of generalist
systems (Nilsson, 1978, 1981; Gutowski, 1990; Johnson et
al., 2007).
During our studies of pollination in the large African orchid
genus Eulophia, we have observed beetles visiting flowers of
several species (Peter, 2009). Specialized pollination by click
beetles in one of these species, E. foliosa, has been described in
detail (Peter and Johnson, 2006a). The current study is focused
on two large-flowered species, Eulophia ensata and Eulophia
welwitschii, which are regularly visited by flower chafer beetles
(Cetoniinae; Scarabaeidae).
The pollinaria of many species of Eulophia and numerous
other orchids undergo strikingly rapid changes such as
bending, shrinking and dropping their anther caps after a
specific interval (Peter and Johnson, 2006b). Darwin (1867)
hypothesised that the duration of these changes should
exceed the duration of visits by pollinators in order to limit
the likelihood of pollinator mediated self-pollination. Peter
and Johnson (2006b) showed that in 18 out of 19 species,
pollinarium reconfiguration times do indeed exceed the visit
times to the inflorescences by the respective pollinators,
which should effectively protect these species from facili-
tated self-pollination. Given the generally lethargic activity
of many beetles, we predict that pollinarium reconfiguration
should be slow in beetle-pollinated Eulophia species.
The aim of this study was to determine whether E. ensata
and E. welwitschii have a specialized flower chafer beetle
pollination system, by 1) documenting behaviour and pollen
loads of chafer beetles on the study species, 2) analyzing
patterns of post-removal pollinarium reconfiguration, 3)
determine the breeding systems and 4) document the flower
colors of these deceptive beetle-pollinated species in relation to
those of co-occurring rewarding species.2. Material and methods
2.1. Study sites
Multiple populations of the study species in southern and
eastern South Africa were examined. Study sites and
observation times are given in Table 1.2.2. The study species
E. ensata Lindl. is a common species found at low and mid
altitudes throughout eastern South Africa (Linder and Kurzweil,
1999). The flowers of this species are crowded into dense,
capitate inflorescences (Fig. 1A, B). The perianth is uniformly
colored and two different color forms were observed. The
commonly encountered bright yellow form is found throughout
KwaZulu-Natal and the Eastern Cape. Populations of plants
with exclusively cream colored flowers (Fig. 2) were observed
in the far north eastern parts of KwaZulu-Natal. There are no
obvious morphological differences between the two color
forms, and neither form is scented to the human nose.
E. welwitschii (Rchb. f.) Rolfe is similar in many respects to
E. ensata, with crowded inflorescences (Fig. 3A) although less
dense, and with larger flowers. This species occurs in extensive
populations (Fig. 3B) at mid and higher altitudes through the
eastern parts of South Africa (Linder and Kurzweil, 1999).
Unlike E. ensata, the cream flowers usually have contrasting
tepals and labellum, the latter being very dark maroon, almost
black. Some populations near the southern Drakensberg include
individuals without the dark labellum (Fig. 3C). There is no
obvious scent.
Vouchers are deposited in the Schonland Herbarium,
Grahamstown (GRA) and the University of KwaZulu-Natal
Herbarium (NUH).
2.3. Pollinators
Pollinators were collected on or in the vicinity of flowering
plants at each of the study sites. Most of the beetle pollinators
were collected on inflorescences of the study species. This in is
contrast to most bee-pollinated deceptive species where the
pollinators are typically collected on nearby rewarding plants
because of infrequent visits to the rewardless flowers (Peter,
2009).
Insects bearing pollinia were killed in ethyl acetate killing
jars with care taken to avoid dislodging the pollinia (the
viscidium glue is rapidly dissolved by ethyl acetate fumes),
mounted and identified using Holm and Marais (1992). Insects
are lodged in the collection of the Albany Museum, Grahams-
town (AMGS).
Fig. 1. The yellow flowered form of E. ensata has dense head-like inflorescences (A and B) and is pollinated by Cetoniinae beetles including (C) Cytothyrea
marginalis, here visiting an inflorescence of aHelichrysum species. Bees have occasionally been found visiting the inflorescences of E. ensata (A; arrow). Bars: A and
B=2 cm, C=5 mm. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Beetle-pollinated Eulophia species typically demonstrated
slow rates of pollinarium reconfiguration. Consequently, rates
of change of the angles of the pollinaria were determined with a
protractor and plotted against time to determine the end points
(see Peter and Johnson, 2006b for details). Anther cap retention
occurs in some species and details of this form of reconfigura-
tion in E. foliosa is given by Peter and Johnson (2006a). Where
anther cap retention was observed, the duration from pollinar-
ium removal from the flower to the dropping of the anther cap
was recorded. During this time, the pollinarium and anther cap
were constantly agitated in a light air current so that the end
point (dropping of the anther cap) could be determined.
2.5. Flower color
The spectral reflectance of flowers of a number of individuals
of each of the three taxa examined in this study were measured
with an Ocean Optics S2000 and S2000USB spectrophotometer
(Ocean Optics, Dunedin, Florida, USA), coupled to an Ocean
Optics Mini-D2T light source. In addition, the colors of florets of
the putative models for these deceptive orchid species were also
measured. These include the cream inflorescences of Helichry-
sum nudifolium (L.) Lees. and the yellow inflorescences of some
of the many yellow flowered Asteraceae species with flat toppedinflorescences such as Nidorella undulata (Thunb.) Sond. ex
Harv., Helichrysum anomalum Lees. and H. umbraculigerum
Lees. Because of the small size of the florets of these species, the
flat-topped inflorescences were positioned directly on the
spectrophotometer probe and measured.
2.6. Visitation rates and pollen transfer efficiency (PTE)
Each flower on an inflorescence was scored for pollinaria
removal and pollinia deposition. Inflorescences were selected
haphazardly from throughout the populations. To determine the
efficiency with which pollinators move pollinia between anthers
and stigmas (PTE), the average number of pollinia deposited on
stigmas was divided by the average number of pollinia removed
(pollinaria multiplied by two — each pollinarium comprising
two pollinia) and expressed as a percentage (Johnson et al.,
2005).
2.7. Breeding systems
To establish the dependence of plants on pollinators, breeding
system studies were conducted for E. welwitschii. Inflorescences
where bagged to exclude pollinators and the flowers either self-
pollinated, cross-pollinated with pollen from other plants in the
population, or left untreated to test for auto-pollination. Mature,
indehiscent fruit were collected andweighed. Differences in fruit
1 There are two similar species of Leucocelis including L. amethystina and
L. haemorrhoidalis. These two species show a continuous range of
morphological variation, but the absence of dorsal maculae (white spots) is
consistent with L. amethystine, the name that will be used here. Definitive
identification requires dissection of male genetalia (Holm and Marais, 1992).
From the plants’ perspective, it seems unlikely that these two species have
substantially different effects.
Fig. 2. The cream form of E. ensata is often found in large populations (A) and is identical morphologically to the yellow form (Fig. 1), having dense, head-like
inflorescences (B). (C) This form is pollinated by Leucocelis cf. amethystina. (D) The rewarding plant Helichrysum nudifolium is frequented by various flower chafers
includingmatingCytothyreamarginalis. Bar: A and B=2 cm, C and D=5 mm. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)
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differences between treatments in fruit and seed mass were
analyzed using t tests.
3. Results
3.1. Insect pollinators and pollinarium reconfiguration
Both the common yellow form (Fig. 1) and the previously
undocumented cream form (Fig. 2) of E. ensata are pollinated
by small cetoniid flower chafers. A total of 15 beetles were
collected at Kloof as well as Thornville bearing pollinaria or
viscidia of the bright yellow form. These included primarilyLeucocelis cf. amethystina1 and Cyrtothyrea marginalis
(Table 2). These individuals were captured on inflorescences
of the orchids and on nearby Asteraceae, primarily species of
Helichrysum (Fig. 1C) and Bekhaya. A number of Atrichela-
phinis tigrina beetles were also collected visiting the inflor-
escences, but none of these beetles bore pollinaria, nor did the
Fig. 3. Eulophia welwitschii has butter yellow tepals and a distinctive dark maroon to black base of the labellum (A). This species often occurs in very large
populations (B). In a number of populations in the southern Drakensberg, individuals lacking the dark labellum have also been observed (C). E. welwitschii is
pollinated by Cetoniid beetles (D, E and F) including Atricelaphinis tigrina (E) and Leucocelis cf. amethystine (F). Bars: B=5 cm, others=5 mm. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)
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E. ensata plants.
In addition to the numerous beetles caught bearing pollinaria of
the yellow form, a small unidentified halictid bee (Halictidae) was
found in the inflorescences of this species and a similar
unidentified bee was observed on a plant found near Grahams-
town (Fig. 1A, Arrow) although this bee did not carry a
pollinarium. A slightly larger anthophorid bee Allodape cf. rufo-
gastiawas collected in a flower of this species at Vernon Crookes
Nature Reserve. This bee was seen to remove a pollinarium.
Less time was spent making observations of the cream form.
We collected four L. cf. amethystina beetles bearing pollinaria or
viscidia of this form (Fig. 2C). These beetles were caught on thepale cream inflorescences ofH. nudifolium orH. krebsianum, the
only large Asteraceae observed in the area.
E. welwitschii is pollinated primarily by Cetoniid beetles that
are larger than those that pollinate E. ensata (Table 2). In the
southern Drakensberg and KwaZulu-Natal midlands A. tigrina
beetles were frequently found visiting the inflorescences of
E. welwitschii and in a number of instances these beetles also
carried pollinaria or viscidia (Fig. 3E).
Plants growing in Pretoria were pollinated by L. cf.
amethystina beetles (Fig. 3F). These beetles are slightly smaller
than the A. tigrina beetles collected pollinating E. welwitschii in
the Southern Drakensberg, however they are bigger than the
L. amethystinabeetles collected inKwaZulu-Natal.L. amethystina
Table 2
Beetles recorded as primary pollinators of Eulophia ensata and E. welwitschii.
Pollinator Family Sex Number of insects
observed or collected
Number of insects
with pollinaria or viscidia
Number of insects
approaching or visiting
E. ensata (yellow)
Cytothyrea marginalis Cetoniinae, Scaraebidae Both sexes 18 4 0
Atrichelaphinis tigrina Cetoniinae, Scaraebidae Both sexes 20 2 7
Leucocelis cf. amethystina Cetoniinae, Scaraebidae Both sexes 44 9 2
Allodape rufogastia or A. exoloma Apidae Female 1 1 1
E. ensata (cream)
Leucocelis cf. amethystina Cetoniinae, Scaraebidae Both sexes 19 4 2
E. welwitschii
Atrichelaphinis tigrina Cetoniinae, Scaraebidae Both sexes 54 8 25
Leucocelis cf. amethystina Cetoniinae, Scaraebidae Both sexes 6 4 2
Unidentified Halictidae Female 2 1 2
Fig. 4. Reflectance spectra comparing (A) yellow and (B) cream deceptive orchids
with putative model Asteraceae. (A) Yellow species: Bold curve— putativemodel
Asteraceae (Nidorella undulata; n=12); black curve — yellow form of Eulophia
ensata (n=25). (B) Cream species: Bold curve — putative model Asteraceae
(H. nudifolium; n=13); black curve— cream form of E. ensata (n=29) and grey
curve — E. welwitschii (n=26). Curves show the average±standard error of the
individual reflectance spectra.
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southern Drakensberg, but none of these carried pollinaria.
As was also observed in E. ensata, two large halictid bees
were found in the flowers of E. welwitschii, but these bees were
sleeping in the flowers during rainy weather. One of these bees
was kept alive in a vial with a flower and deposited the pollinia
it was carrying on the stigma of the flower.
3.2. Pollinarium reconfiguration
Anther cap retention is the primary form of pollinarium
reconfiguration in E. ensata. The anther caps take 154 s on
average to drop (75–285 s, n=18). Bending occurs during this
time and this movement is completed by the time the anther cap
is dropped. Bending times were not recorded as it is difficult to
observe under the anther cap.
Anther cap retention also occurs in E. welwitschii, with an
average anther cap retention time of 118 s (10–253 s, n=19). In
this species the bending reconfiguration is never completed by
the time the anther cap is dropped. Bending reconfiguration
takes on average 223 s (98–450 s, n=18) and is therefore the
primary reconfiguration mechanism in this species.
3.3. Flower color
The colors of the yellow form of E. ensata closely resemble
co-occurring yellow Asterceae such as N. undulata (Fig. 4A) as
well as numerous other Asteraceae such as H. anomalum and
H. umbraculigerum (data not shown).
The colors of the cream form of E. ensata and E. welwitschii
are distinctly different with greater reflectance between 400 and
500 nm than the yellow form of E. ensata (Fig. 4B). These
deceptive orchids show general similarity to the cream-colored
H. nudifolium.
3.4. Visitation rates and pollen transfer efficiency (PTE)
All three beetle taxa exhibited high rates of pollinaria
removal and overall visitation rates, and also relatively highrates of pollinia deposition (Table 3). These translated into
relatively high rates of pollen transfer efficiency.
3.5. Breeding systems
E. welwitschii is self compatible, with self-pollinated flowers
setting capsules of comparable quality to cross-pollinated
flowers (Table 4) in terms of capsule and seed wet mass and
capsule dry mass. There is no evidence of auto-pollination in
this species.
Table 3
Rates of pollinaria removal, pollinia deposition and pollen transfer efficiency in the study species.
Date Locality n — inflorescences n — flowers % Flowers with removal % Flowers pollinated % Visited PTE %
E. ensata (cream)
30 October 2001 Manzengwenya 20 205 3.4 2.0 3.4 28.6
15 November 2001 Sibayi 29 300 44.0 12.0 44.0 17.4
23.7 7.0 23.7 23.0
E. ensata (yellow)
16 January 2003 Vernon Crookes 5 115 47.8 14.8 50.4 16.4
15 January 2003 Thornville 24 565 46.2 14.3 45.1 17.2
47.0 14.6 47.8 16.8
E. welwitschii
27 December 2001 Pretoria 24 165 46.1 4.8 46.1 5.26
Values in bold are means.
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Flower chafer beetles are the primary pollinators of the two
forms of E. ensata and E. welwitschii. These observations, together
with those for E. foliosa (Peter and Johnson, 2006a) and a short-
spurred form of E. parviflora (Peter, 2009), contrast with the
common occurrence of bee-pollination and autonomous self-pol-
lination in the genusEulophia (Lock and Profita, 1975;Williamson,
1984; Peter and Johnson, 2008; Peter, 2009; Peter and Johnson,
2009-this issue). The most outstanding morphological character-
istics of beetle-pollinated species in the genus are their dense, often
capitate inflorescences (Figs. 1–3). Similar traits have been
observed in other beetle-pollinated plants (cf. Bernhardt, 2000).
Dense inflorescences are found in some northern hemisphere
generalist orchid species such as Listera ovata and Dactylor-
hiza (Coeloglossum) viridis, which are frequented by various
beetles (amongst a number of other insect orders; Nilsson, 1981;
Van der Cingel, 1995); the South African species Satyrium
microrrhynchum, which is pollinated by pompilid wasps and
the cetoniid beetle A. tigrina (Johnson et al., 2007); and the
specialised South American orchid Pteroglossaspis ruwenzor-
iensis with jelly-like nectar pollinated exclusively by the
cetoniid beetle Euphora lurida (Singer and Cocucci, 1997).
While dense inflorescences appear to be a general feature
of beetle-pollinated orchids, the crowded inflorescences in
E. ensata and, to a lesser extent, E. welwitschii are appropriately
described as capitate and inE. ensata approximate the flat-topped
inflorescence of co-occurring Asteraceae such as various species
ofHelichrysum (Figs. 1C and 2D) andNidorella. Modification of
inflorescence structure from a raceme to a “capitulum”was shown
to be one of the adaptations for mimicry of capitula of ScabiosaTable 4
Results of an experiment to determine the breeding system of E. welwitschii.
Unmanipulate
Percent fruit set (n) 0 (29)
Mean capsule and seed mass wet weight in grams [X̄±se (n)] –
Mean capsule dry weight in grams [X̄±se (n)] –
Results show percentage or mean±se. Test statistics apply to comparison of self- ancolumbaria exhibited by the South African orchids Disa
cephalotes subsp. cephalotes and Brownleea galpinii subsp.
major, although the pollinators in this case are flies and not beetles
(Johnson et al., 2003).
It is possible therefore that the flat-topped captitulum of
E. ensata is an adaptation for mimicry. The fact that flowers of
the two forms of E. ensata and E. welwitschii are entirely UV
absorbing (Fig. 4) unlike many other yellow Eulophia species
where the petals reflect UV light (Peter, 2009) supports this
hypothesis as the measured reflectance spectra of the inflor-
escences of species such as H. nudifolium, H. anomalum and
N. undulata are stronglyUVabsorbent (Fig. 4) possibly signalling
the presence of abundant pollen rewards to pollen-feeding beetles
and bees (cf. Heuschen et al., 2005) or alternatively (or in
addition), they may serve as a rendezvous site for mating.
The bright yellow and cream-flowered dense inflorescences
of Eulophia species are similar to those of Ceratandra
grandiflora, a deceptive orchid that is pollinated by monkey
beetles (Steiner, 1998). In this species, the beetles are thought to
aggregate on the deceptive inflorescences which serve as a
rendezvous site for mating purposes. It is possible that similar
rendezvous behaviour occurs on these deceptive Eulophia
species (E. ensata, E. welwitschii, and the short-spurred form of
E. parviflora [Peter, 2009]) as the cetoniid beetles spend some
time clambering around the inflorescences but do not seem to
systematically probe all the flowers in search of a food reward.
The absence of a reward does not preclude the importance of
resemblance to co-occurring rewarding model in a rendezvous
pollination system. Beetle rendezvous for mating typically takes
place on rewarding flowers (cf. Steiner, 1998) such as the
various Helichrysum and Nidorella species examined andd control Cross-pollinated Self-pollinated Test statistic
94 (18) 100 (19) G=0.03ns
2.43±0.31 (18) 2.85±0.21 (19) t35=1.12
ns
0.41±0.05 (18) 0.50±0.04 (17) t35=1.42
ns
d cross-pollinated treatments.
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Steiner, 1998).
There is some uncertainty as to the role of bees that have
been seen visiting E. ensata and E. welwitschii. If these
species are specialised mimics of asteraceous inflorescences
as discussed above, it is possible that solitary bees might also
contribute to the pollination of these deceptive orchids as
these bees frequent the “model” inflorescences. The dark
centre of the E. welwitschii was initially speculated to attract
roosting bees, as has been noted for a few Mediterranean
orchids and irises (cf. Pellegrino et al., 2005; Sapir et al.,
2005), and two halictid bees were caught sleeping in the
flowers, one later removing a pollinarium when disturbed.
However, the overwhelming dominance of beetles among the
insects captured bearing pollinaria on the study species and
the slow pollinarium reconfiguration supports the contention
that these two species are adapted for beetle pollination. The
alternative possibility that slow reconfiguration is an adapta-
tion to over-nighting bees seems unlikely given that
reconfiguration times would have to occur over many hours
to be effective.
Slow pollinarium reconfiguration rates are also a feature of
both E. foliosa (Peter and Johnson, 2006a) and the short spurred
form of E. parviflora (Peter, 2009) and in both these species the
slow reconfiguration times exceed the lengthy visits of the
pollinating beetles (Peter and Johnson, 2006b). Contrary to their
reputation as being clumsy (Faegri and Van der Pijl, 1979),
beetles appeared to move pollen efficiently between flowers of
the study species (Table 3).
This study contributes to an understanding of the pollination
and evolutionary biology of a number of species of this im-
portant African orchid genus. Based on these data, we can
predict further occurrences of beetle-pollination in species of
Eulophia with dense, capitate inflorescences such as the two
color forms of E. leontoglossa as well as the two subspecies of
E. aculeata. Slow pollinarium reconfiguration times exceeding
100s may be a general feature of beetle pollination in orchids.
Future studies should focus on the pollination of Eulophia
species in south-central Africa, as this is the centre for diver-
sification of the genus.
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